The conversion of glucose to pyruvic acid in normal metabolism has been intensively investigated. The present study was 'undertaken to ascertain blood pyruvic acid response to the intravenous administration of glucose or of insulin in normals, in patients with liver disease, and in patients with diabetes mellitus.
MATERIAL
Determination of pyruvic acid and of glucose in the blood was done by Friedemann's (1) modification of the Lu method (2) and the Benedict method (3), respectively.
The control group consisted of 28 healthy men ranging in age from 25 to 50 years. The series investigated by means of intravenously administered glucose included 15 patients with portal cirrhosis of the liver (three in hepatic coma), and 23 patients with controlled mild and severe diabetes mellitus (11 requiring 25 to 40 units of protamine zinc insulin daily). A total of 0.5 gm. of glucose per kilo of body weight was administered intravenously within 30 minutes, and blood was analyzed for pyruvic acid and glucose at 0, 30, 60, 120, and 180 minutes. The effect of 12 units of intravenously administered crystalline insulin was studied on 11 fasting normal subjects and five fasting diabetics requiring insulin.
RESULTS
In the control group the blood pyruvic acid response to glucose was similar to that described by others (4) (5) (6) . At 30 and 60 minutes there was a statistically significant rise to 1.34 + 0.23 mgm.
% and 1.34 + 0.28 mgm.%o, respectively (Table   I) ; the significance of difference between the means of correlated measures was p < 0.01. In 12 patients with compensated cirrhosis of the liver the blood pyruvic acid rise was similar to the control 1 Published with the approval of the Chief Medical Director. The statements and conclusions published by the authors are the result of their own study and do not necessarily reflect the opinion or policy of the Veterans Administration.
group (Table I) ; the significance of difference between the means of correlated measures at 30 and 60 minutes was p < 0.01. Figures 1 and 2 and minimum values in the normal and in cirrhosis of the liver. Three patients were studied during hepatic coma. These patients had marked abnormalities of the bromsulfalein, fractional serum bilirubin, 24-hour urine urobilinogen, prothrombin time, total cholesterol and cholesterol esters, cephalin cholesterol flocculation, zinc sulfate turbidity, thymol turbidity, alkaline phosphatase, and plasma proteins including albumin-globulin ratio. After the administration of 12 units of crystalline insulin intravenously in both the control group and in patients with diabetes mellitus, there was a rise in the blood pyruvic acid along with the drop 2.0. (Table II) ; the significance of difference between the means of correlated measures was p < 0.01 at 30 and 60 minutes. Figure 6 shows the pyruvic acid response in normal individuals to intravenous insulin. The utilization of glucose in normal subjects is associated with the formation of intermediary products. A rise in blood pyruvic acid follows the administration of glucose (4) (5) (6) , and this response may be associated with the action of insulin on the normal metabolism of glucose and pyruvic acid.
In patients with compensated cirrhosis of the liver, glucose utilization is apparently adequate. No diabetic glucose tolerance response was observed in the 15 patients studied. The ability of the liver to remove pyruvic acid also appears adequate in patients with compensated cirrhosis. In three consecutively studied patients in hepatic coma, however, an accumulation of the blood pyruvic acid occurred following the administration of glucose. The rising blood pyruvic acid is related to the inability of the liver to assimilate this metabolite (7) as in normal or compensated cirrhosis.
Reports in the literature with regard to the pyruvic acid response to glucose in diabetes mellitus are conflicting (5, (8) (9) (10) . It is helpful to separate the mild from the severe diabetics. In diabetes mellitus the blood pyruvic acid failed to rise as in the normal men after intravenous glucose. In patients with mild diabetes mellitus not requiring insulin, a delayed rise in the pyruvic acid was found with the rise occurring at 60 minutes (Fig-753 a_ -ure 4). This was only suggestive of being statistically significant at 30 minutes. However, in patients with severe diabetes mellitus requiring insulin, a statistically significant change of the pyruvic acid at 30 minutes occurred with a delayed rise to 120 minutes ( Figure 5 ). The cause for the fall in pyruvic acid at 30 minutes is not known. The difference in the delayed response in the blood pyruvic acid as noted, in mild and severe diabetes is apparently related to degree of insulin deficiency of the pancreas and is indirectly dependent upon the blood glucose level. It has been found that the rate of glucose utilization depends on the blood glucose levels in both normal and depancreatized dogs (11) . If glucose was maintained at a high level in depancreatized dogs, the blood pyruvic acid rose (12) . It is apparent that the pyruvic acid response after glucose is related to the degree of impaired glucose utilization in diabetes mellitus.
The insulin tolerance test in normal subjects and in patients with diabetes mellitus showed a rise in the blood pyruvic acid associated with the fall in the blood glucose level. This is in agreement with the observations of Gillman and Goldberg (6) . It has been reported also that insulin produced no increase of blood pyruvic acid in the normal or in diabetic subjects (5, 13) . However, this disagreement may be explained by factors regulating body needs. It is known that glucose may either be stored as glycogen or oxidized anaerobically to pyruvic acid and the conflicting findings are apparently related to body needs regarding either the storage of glucose or its oxidation to pyruvic acid.
SUM MARY
After the administration of glucose a statistically significant rise in the blood pyruvic acid occurred at 30 and 60 minutes in 17 normal men and 12 patients with compensated cirrhosis. An abnormal accumulation of blood pyruvate occurred with a normal glucose tolerance curve in three patients in liver coma. A suggestive significant delayed rise in the pyruvic acid was found after glucose administration in 12 patients with mild diabetes mellitus requiring no insulin. A further delayed response of the blood pyruvic acid was found in 11 severe cases of diabetes mellitus which was significant. The degree of delay is apparently related to the degree of insulin deficiency of the pancreas and indirectly dependent upon the blood glucose level.
A significant rise in the blood pyruvic acid was noted after the administration of crystalline insulin in 11 normal subjects. A similar response was noted in five patients with diabetes mellitus.
No significant difference was found on comparing the fasting mean blood pyruvic acid of the normal men, and patients with diabetes mellitus and compensated cirrhosis of the liver.
